Recently industrialization has become one of the most promising contributors for economic development of Bangladesh. However, at the same time, industrial pollution has turned into one of the major problems for human being as well as for the environment. In order to understand the effect of textile effluent (TE) on environmental pollution, TE samples collected from North-west part of the capital of Bangladesh, Dhaka (Savar, Ashulia and Tongi area) were characterized biologically, biochemically and biophysically. Eight potential microorganisms were isolated (3 bacteria and 5 fungi) from the collected TE and two of them were used to de-colorization of TE significantly by bioremediation process. Among the various parameters checked here, some physicochemical properties like TDS, COD, BOD, DO and heavy metals like Cd and Cr were detected in quite high amounts. Altogether, our results indicate that TE is one of the serious pollutants, which could damage environment as well as water body severely.
Introduction
Textile industries are considered as the key industrial sectors of Bangladesh as 78% of the total export earning comes from textile and textile related goods contributing 12% to GDP [1] . There are many hazardous and potentially dangerous polluting industries situated in the cities of Bangladesh [2] . Textile industries release huge amount of effluents to aquatic systems, which contain toxic and hazardous pollutants degrading the environment [3] [4] . The major chemical pollutants present on textile effluents are dyes containing carcinogenic amines, toxic heavy metals, pentachlorophenol, chlorine bleaching, halogen carriers, free formaldehyde, biocides, fire retar-dants and softeners [5] [6] . Approximately, 10,000 different dyes and pigments are used industrially and over 0.7 -0.8 million tons of synthetic dyes are produced annually worldwide amongst which 10% -15% of the dyes are released into the environment [7] [8] .
Textile effluents (TE) are highly responsible for organ damages, disorders in the respiratory tract, dysfunction of the heart, disorders in the nervous system, skin diseases, abnormalities in fertility and pregnancy. Besides the effects on human health, high concentrations of heavy metals in textile wastewater have a negative impact on the environment and water quality itself as well as on the biota living in the water bodies [9] . Now-a-days different standards are used to indicate the maximum permissible values of the toxic materials found in TE. According to permissive standard of TE, textile materials must fulfill high ecological requirements in low concentrations of allergenic, toxic and carcinogenic metals.
It has been reported that many bacterial and fungal species have the ability to decolorize and detoxify TEs by enzymatic degradation of organic materials through the process of bioremediation [10] . Remove various dyes from textile effluents are usually done by expensive physicochemical processes [11] . On the other hand, biological treatment based microbial transformation of textile dyes is natural, cheap and more efficient way of effluent treatment [12] . The objective of this study was characterizing the TEs, isolating microorganisms from collected TEs and determining their effects to decrease various TE toxic components through bio-remediation processes.
Materials and Methods

Sample Collection
Textile effluents (TE) samples were collected from three northern industrial parts of Dhaka, Bangladesh. The zones were: Savar (Pakiza textile industry), Ashulia [Dhaka export processing zone (DEPZ)] and Tongi textile area. Two TE samples (sample 1 and sample 2) were collected from each of the three areas. Sample 1s were collected from the effluent discharge pipes of the industries, whereas, sample 2s were collected from the water bodies adjacent to the discharge points. The initial pH and temperature of effluent samples were determined and noted down immediately at the sampling site. All these samples were transported to the laboratory in an icepacked chest box. Collected samples were stored at 4˚C until further use.
Isolation of Microorganism from TEs
As Nutrient and YEPD [Yeast Extract (1.0%) Peptone (2.0%) Dextrose (2.0%)] Agar are the basal media (at pH 5.0) for screening of bacteria and fungi respectively, the diluted (up to 10 folds) TE samples were screened for the presence of bacteria and fungi on those media by following the method described by Barragán et al. [13] . 10 µl of Sample 1 and 100 µl of sample 2 were spread both over the Nutrient and YEPD Agar plates and incubated both at 37˚C and 42˚C for 24 hours. The plates were also screened for viable colony count.
Microbial Treatment of TE
After 24 hours of incubation, among all the eight microbial colonies only two colonies (S2A, S2B) were selected on the basis of highest growth activity for observing the effects of pH and temperature on TE de-colorization. The Mac-Cartney bottles containing different effluent samples were incubated for 1 -7 days together with two different inoculums (S2A, S2B) both at 37˚C and at 42˚C for checking the decolonization effect as well as the reduction of pH from TE by bioremediation process by following methods of Idris et al. [14] . Sterile internal negative (distilled water) and positive controls (TE without inoculums) were also maintained under the same condition.
Physicochemical Characterization of the TEs
The physicochemical properties such as Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Electrochemical Conductivity (EC), Total Dissolved Solids (TDS), Total Suspended Solid (TSS), Dissolved Oxygen (DO) and four most commonly persistent heavy metal components content (Zn, Cu, Cd and Cr) was estimated by the standard method developed by Huq et al. [15] . In case of heavy metal estimation, standard concentration for Zn, Cd, Cu and Cr were followed as 3.0, 0.003, 2.0 and 0.05 ppm respectively according to the WHO standards.
Results and Discussion
Bangladesh is the second largest ready-made garments manufacturer country in the world. The money earned from exporting textiles is the single greatest source of economic growth of Bangladesh. These large numbers of textile industries discharge a huge amount of textile effluents everyday without proper treatment, which contain huge amount of toxic dyes and other chemical toxic substances that are poisonous for not only human, but also other creatures in this planet, including both the aquatic and the terrestrial environment [16] . This study, we have tried to characterize TEs under various treatments and conditions as shown below.
Sample Collection
Textile effluents (TE) samples were collected from three northern industrial parts of Dhaka, the capital of Bangladesh. The three sampling zones were selected which were located at Savar, Ashulia and Tongi textile area are shown in Figure 1 . In each of 3-sampling locations, we have collected two samples. Total six samples were collected and their detail sample collection, transportation and preservation procedures were described in detail in the Materials and Methods. TE samples were characterized further in different treatments and conditions as described below.
Biological Characterization of TEs
Various collected samples were diluted where necessary, spread on agar media and then incubated at 37 and 42˚C for 24 hours. Three (C1, C2 and C3) different discrete colonies (3.5 × 10 8 colonies/ml) were found on nutrient agar plates which were considered as bacteria and five (C4, C5, C6, S2A and S2B) discrete colonies (2.5 × 10 8 colonies/ml) were found on YEPD plate which were considered as fungi based on their growth in selective media. The screening of microorganisms in Nutrient Agar and YEPD from the TEs are shown in Figure 2 . All the eight colonies were categorized based on their morphology, growth physiology, pigmentation followed by gram reaction and microscopic observation. Selected colonies were further analyzed and sub-cultured to maintain pure culture and stored. The Biological characterization of isolated microorganisms is shown in Table 1 for further characterization.
Physicochemical Characterization of the TE
The effluent samples collected from the textile areas were blue in color, which indicate that TEs are not treated properly before release them from the industry. Because, they were pungent in smell and their initial pH during sample collection were around 10.0 and the temperature range of those samples was 31˚C to 35˚C. Therefore, we have decided to check the various physicochemical parameters like EC, TDS, TSS, DO, BOD, COD contents on TEs samples. The results are illustrated in Figure 3 .
We also have checked whether TEs contain heavy metals or not. TEs sample collection and preparation for the Figure 4 and Table 2 . Among the estimated heavy metal concentrations, Zn and Cu were found to be within acceptable level in all the three TEs, whereas, Cr and Cd levels were found higher than that of permissible WHO standards ( Table 2) . It is clear that the TE samples collected from Savar and Tongi areas contain higher amount of heavy metals (Cd and Cr) compared to other industrial areas. Since, it has previously been reported that the incidence of weekly intake of cadmium by rice is very high in Bangladesh; Figure 4 . Effect of pHs and temperature on TE de-colorization by bioremediation. Microorganism screening, isolation and preparation for checking the de-colorization effect of TE under different temperatures were explained in detail in the Materials and Methods section. Each of 4-bottols in each panel from left to right represent water sample (negative control), TE sample S1 (positive control), S1 + S2A and S1 + S2B. The top left and right, and the bottom left and right panels represent the before and after incubation of various TE samples at 37˚C and 42˚C, respectively, for 7-days. such incidence may cause serious health problems in near future [17] . Analysis of physicochemical parameters revealed that the EC and TSS were within normal level (Figure 3) . Whereas, high level of TDS, BOD and COD revealed high load of pollution incidence, which may result metabolic alkalosis, damage to the heart muscle and the soil infertility affecting plant and animal life severely [18] [19] . If COD level increases due to organic effluents, atmospheric O 2 cannot diffuse through water body. Therefore, the dissolved oxygen level decreases dramatically, which causes death of various aquatic flora and fauna [20] . Low COD generally leads to hypoxia that causes reduced cell functioning, disrupts circulatory fluid balance in aquatic species causing even death of individual organism [21] . Analysis of heavy metal exhibits the presence of excess amounts of chromium and cadmium in the textile effluents. This result clearly indicates the presence of such metal ions in the dyes used in the textile industry, which is not further being treated during the disposal to the aquatic environment. Several water bodies, including rivers, canals, estuaries containing excess amount of chromium and cadmium can contaminate surrounding land; either through irrigation for agricultural purposes, dumping of dredged sediments or flooding and can transport heavy metals for considerable distances, even up to 50 km, from the origin where those metals are used for industrial benefits. The huge amount of Cd entering into the fresh water from the TE may rapidly be absorbed by plant and animal which causing various type of diseases. Ingestion of any significant amount of cadmium causes immediate poisoning, damage to the liver/kidneys and also has carcinogenic effect [16] .
Effect of pH and Temperatures on TE De-Colorization by Bioremediation
After incubating the TE samples for 7 days both at 37˚C and 42˚C with two strains, significant de-colorization effect was observed. These changes were absent when compared TE with the color and pH of internal control (Figure 3) . The color change was due to the presence of dyes in TE in association with a dramatic reduction of sample pH. The initial average pH (10.0) of the TE samples was highly alkaline which can exert numerous toxic effects on the environment as well as on the living creatures. After 7-day incubation, pH of treated TE samples was detected as low as 7.0, whereas distilled water pH remained constant and sample without inoculums (positive control) showed some variation in pH change. The graphical presentation of pH change is depicted in Figure 5 . Among the samples, S2A treated sample showed rapid pH change which was more significant at 42˚C than that at 37˚C. Textile effluents de-colorization effect was also rapid at 42˚C rather than at 37˚C ( Figure 5 ). It is clear that temperature has effect on metabolic activity of microorganisms as well as in de-colorization process, because the change of alkaline pH to neutral pH by microorganisms assists the de-colorization of TE samples [22] [23].
